Abstract: Atrial natriuretic peptide was found in the heart of vertebrates, we studied the ANP presence in the heart of Ciona intestinalis. This is animal is very important because of the its evolutionary position between invertebrates and vertebrates. ANP presence was only revealed in myoepithelial cells of the myocardium. Results suggest the hypothesis that ANP is present not only in the vertebrates but also in the invertebrates and in Ciona heart ANP might play a similar role like in the heart of vertebrates.
Introduction
Atrial natriuretic peptide (ANP) has been discovered in the specific granules in atrial myocardiocytes of the adult rats [5] , successively ANP was found also in ventricles, conducting system and atrioventricular valves in the heart of many mammals (dog, rabbit, man) and non mammalian vertebrates such as fish [6] and amphibian [1] .
The biochemical and physiologic studies demonstrated that ANP is involved to regulation of the bloodpressure by its natriuretic, vasodilatative and diuretic action, besides ANP presence was demonstrated also in other organs such as brain [3, 4] , salivary glands [10] , lung [9, 10] kidney [8] , of the numerous different animal species, therefore ANP is involved in homeostasis of the other body fluids.
In consideration of diffusion of the ANP, whose presence was demonstrated in different species of Vertebrates such as fishes, amphibians, in some reptiles, while ANP is not present in birds, we think that also ANP may be present in animal species less evolved such as Chordate; in particular we carry out a immunohistochemical study to verify if the ANP is present in the heart of tunicate, Ciona intestinalis. We choose this animal species because of the Tunicates, in the evolutionary progression between a relationship vertebrates and invertebrates, indeed the Tunicates present a dorsal cord nothocord only in larval life but it is absorbed in the adult.
Material and methods
Adult specimens of Ciona intestinalis collected from the Gulf of Palermo were used. Hearts were removed and immediately were fixed in Bouin's fluid, dehydrated and embedded in paraffin. Sections (7-10 μm thick) were prepared. Some sections were stained using H+E or Azan's method, some sections were immunostained for ANP and detected with avidin biotin complex or streptoavidin system. Endogenous peroxidase was blocked by incubation with PBS containing 0.3% hydrogen peroxide for 5 min at room temperature. Following blockage of the specific binding by normal goat serum, the sections were treated with ANP polyclonal antibody raise in rabbit (Chemicon) at 1/600 and 1/800 dilutions in 0.05 M Tris Buffer pH 7.2 for 12 hours at 4°C, subsequently the sections were washed in PBS (three times, 15 min each) The reaction was revealed by avidin-biotin or streptoavidin system (Ylem) binding was demonstrated by amino-ethyl-carbazole as substrate. The negative controls were those treated with non immunized antiserum or omission of the primary antiserum.
Results
The observations at light microscopy evidence that the heart of Ciona intestinalis is a tubular organ, it derives by invagination of the dorsal wall of the pericardial vesicle whose margins are fused to form a raphe, thus the pericardium and myocardium are concentric tubular vesicles T tube fold to U-like (Fig. 1) . The stained by Mallory-Azan's method sections show that the pericardium consists of two layers, whose the outer layer is connective tissue and the inner layer is an epithelium with flattened cells (Figs. 2,3) . The myocardium is a tubular layer constituted of myocardiocytes . The myocardiocyte shows a apical area where the nucleus is located and a basal more intensely stained area where the myofibrils with a spiral arrangement are visible (Fig. 4) .
FOLIA HISTOCHEMICA
The ANP-immunostained sections show that in the pericardium is immunonegative (Fig. 5) while in myocardium the myocardiocytes present a intense ANP-immunopositivity where is the myofibrillar component (Fig. 6 ).
Discussion
Ciona intestinalis is a member of the Tunicates a group of a sessile marine invertebrates. Despite appearances the Tunicates are member of own phylum, Cordata, their close evolutionary relationship to Vertebrates is most evident during developmental stages, the larvae present a dorsal notochord and a tail, upon the attachment to a substrate the tail and the cord regress. A recent morphological study of the heart of Ciona intestinalis was carried out by [2] .
The results of our study show the ANP-immunostaining evidence that the pericardium is immunonegative indicating that in Ciona the pericardium is not involved in the ANP production, although in other species ANP was found in the pericardial fluid, but its cellular source was uncertain. In addition, a recent study in rat and human pericardial fluid demonstrated ANP-immunopositivity in mast-cells of the connective tissue [7] . The ANP immunopositivity in myocardiocytes demonstrated that also in Ciona ANP is present and that ANP might play the same role of the specific granules of different animal species.
Our results demonstrate that ANP is present also in the less evolved invertebrates and therefore ANP is a molecule that has undergone no or few changes during the evolutionary process.
ANP might play a similar function than it plays in other species and is involved, by still unknown mechanisms, in the regulation of the composition of fluids running in the heart and in the body lacunae, since in Ciona vessels do not present a continuous endothelium and an open type circulation occurs. Heart Ciona intestinalis. The heart presents the myocardium (M), are visible two inner tubules and the outer pericardium (P) (original magnification ×10). Fig. 2 . Heart Ciona intestinalis. It is visible the invagination of the myocardium (M). The pericardium (P) with the two layer and a space between the layers (original magnification ×20). Fig. 3 . Heart Ciona intestinalis. Magnification of the pericardium (original magnification ×40). Fig. 4 . Heart Ciona intestinalis. In the myocardiocytes the nucleus is situated in the luminal area and the myofibrils are situated in the basal area of cell (original magnification ×63). Fig. 5 . Heart Ciona intestinalis. The ANPimmunopositive myocardium and ANP-immunonegative pericardium (original magnification ×20). Fig. 6 . Myocardium. The myocardiocytes show ANP-immunopositivity in the myofibrillar area of cells (original magnification ×40).
